ABSTRACT An episode of exercise induced asthma will usually be followed by a period during which further exercise will not induce asthma. Postulated mechanisms include persistence of catecholamines released during exercise, development of tolerance to released mediators, and mediator depletion. To investigate the underlying mechanism further eight asthmatic men underwent three experimental protocols as follows: two treadmill runs of eight minutes; two incremental challenges with histamine inhalation; and a treadmill run of eight minutes followed by an incremental challenge with histamine inhalation. In each case the two challenges began 40 minutes apart. Patients performed the paired exercise trial first. Refractoriness to bronchoconstriction was shown in the repeated exercise studies but did not occur with repeated histamine challenge. The geometric mean histamine concentrations required to produce a 20% fall in forced expiratory volume in one second (FEV,) were 1*53 mg/ml and 093 mg/ml for the first and second challenges respectively (NS) and 1-4 mg/ml (NS) for the histamine challenge after exercise. It is concluded that refractoriness to exercise induced asthma is not explained by the development of smooth muscle tolerance to repeated histamine exposure or by the persistence of catecholamines released during exercise. The data are consistent with the theory of mediator depletion as the cause of refractoriness.
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After an attack of exercise induced asthma, many asthmatic patients show a refractory period charac- terised by a substantially diminished bronchoconstrictive response to further exercise challenge.' For any individual the duration of this period appears to be directly proportional to the severity of the initial asthmatic episode and, in some cases, may exceed two hours. 3 The existence of the refractory period after exercise induced asthma has generally been attributed to depletion of mediators stored in airway mast cells.2-4 An alternative suggestion is that there may be increased sympathoadrenal effects with repeated exercise. 5 We reasoned that, if the first hypothesis were true, the sensitivity of subjects to inhaled his-tamine should remain unchanged during the refractory period. If refractoriness is due to accumulation of bronchodilating catecholamines persistence of these substances after an initial exercise test should afford some protection from the effects of histamine challenge. We therefore compared the response to inhaled histamine during the refractory period with the response in the absence of preceding exercise. We also examined the effect of repeated histamine provocation to exclude the development of smooth muscle tolerance to histamine as the mechanism of refractoriness.
Methods
Eight men (mean (SD) age 306 (9) 
ADMINISTRATION OF HISTAMINE AFTER EXERCISE
On a separate occasion subjects completed an eight minute treadmill run followed 40 minutes later by a histamine inhalational challenge. Both challenges followed the protocols outlined above.
STATISTICAL ANALYSIS
The concentration of histamine causing a 20% fall in FEV1 (PC20) was obtained from individual dose response curves, and geometric mean values were calculated. Baseline and subsequent FEV1 values were compared by repeated measures analysis of variance followed where necessary by paired t tests. The same techniques were used to compare oxygen uptake, minute ventilation, and respiratory heat loss during exercise. One way repeated measures analysis of variance was applied to the natural logarithms of PC20 values. Histamine reactivity during the refractory pernod after exercise induced asthma The refractory period after exercise induced asthma has been widely ascribed to depletion of mediators stored in airway mast cells.2-4 The duration of the refractory period is believed to correspond to the time required for complete mediator resynthesis.3 This view is supported by evidence clearly suggesting mast cell roles in at least a substantial proportion of cases of exercise induced asthma. Lee et al reported increased plasma concentrations of neutrophil chemotactic factor in association with development of exercise induced asthma and also showed that no such increase occurs in response to exercise performed with warm humid inspirate to prevent asthmatic attack.'2 Anderson et al have observed raised arterial histamine concentrations during acute exacerbations of asthma provoked by exertion.'3 Pre-exercise inhalation of disodium cromoglycate, a substance capable of inhibiting mast cell degranulation, can prevent or ameliorate exercise induced asthma in most patients.'4 '5 A similar finding has been reported with H, receptor antagonists. '6 Our data are compatible with the theory of mediator depletion. Reduced percentage fall in FEV, with exercise at a time of unchanged PC20 for histamine certainly suggests the possibility of considerably decreased mediator release. The extent of mediator depletion that would be necessary to explain this result is debatable. In the early stages of exercise asthmatic patients typically bronchodilate. '7 In the second of the paired exercise tests the initial bronchodilating influence may have caused rapid repolarisation of airway smooth muscle after initial exercise induced asthma. Accordingly, the underly- 
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